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Effect of urinary extracts from salt loaded man on urinary
sodium excretion of the rat. Urinary extracts prepared from
subjects on low and high intakes of sodium chloride were in-
jected into conscious water-loaded rats. Urinary extracts
obtained from the subjects when salt-depleted did not cause a
significant rise in urinary sodium excretion or urine flow.
Urinary extracts obtained from the subjects when salt-loaded
caused a significant rise in urinary sodium excretion and urine
flow. It is concluded that the urine from the subjects when salt-
loaded contains a natriuretic substance.
Effet d'extraits d'urine d'homme chargé en sodium sur
l'excrétion urinaire dii sodium chez le rat. Des extraits urinaires
préparés a partir de l'urine de sujets soumis a des ingestions
de sodium faibles ou élevées ont été injectés a des rats conscients
charges en eau. Les extraits d'urines obtenues de sujets déplétés
en sodium n'ont pas déterminé une augmentation significative
de l'excrétion urinaire de sodium ou du debit urinaire. Les
extraits d'urines obtenus de sujets charges en sodium ont
entrainé une augmentation significative de l'excrétion urinaire
de sodium et du debit urinaire. Ii est conclu que l'urine des
sujets charges en sodium contient une substance natriurétique.
In recent years much evidence has been accumulated to
suggest that another circulating substance other than aldo-
sterone participates in the regulation of sodium excretion
in the urine. Most of this evidence has been obtained in
experiments in which the fluid volume of a dog or rat has
been expanded with either saline, blood or plasma.
Sealey, Kirshman and Laragh [1] reported experiments
in which they expanded the extracellular volume of human
subjects with a high salt diet. Urine extracts from these
subjects were tested on anesthetised and hydrated rats
with congenital diabetes insipidus and were found to cause
a sodium diuresis. This paper describes experiments in
which urinary extracts from human subjects on high and
low salt diet periods prepared in the way described by
Sealey et al [1] have been assayed on conscious Wistar rats.
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The purpose of this study was to see if, using a rigid
protocol and statistical analysis of the results, the findings
of Sealey et al [1] could be confirmed.
Methods
Twelve normal subjects were given a diet containing not
more than 25 mEq Nat/day for five or six days. All the
food taken by the subjects during this time was supplied
by the metabolic ward kitchen. On the first day of the low
salt diet the subjects took 40 mg of furosemide. Twenty-
four hour urine collections were obtained during the last
one or two days. When the subjects had completed their
low salt intake period, they returned to a normal diet
supplemented with 300 mEq Nat/day in the form of tablets
of wax-based sodium chloride (Slow Sodium, Ciba) which
have been shown to be completely absorbed [2]. All 12 sub-
jects continued to take the high salt diet for six to eight
days. Twenty-four hour urine collections were obtained on
the last two days. In addition to the sodium supplement of
300 mEq/day, seven of the subjects took an extra 150 mEq
Na k/day on the last two days of the high salt intake, making
their total sodium supplement up to 450 mEq/day.
The subjects were students or doctors who arranged to
be resident in the hospital during the days on which the
urine collections were made. Urine was passed directly into
a polythene collection bottle which was replaced immedi-
ately into the laboratory deep freeze (—20°C). In this way
the urine was quickly cooled and was kept throughout the
collection.
Preparation of the urine extracts. Each 24 hr urine sample
was freeze-dried in a bulk centrifugal freeze drier (Edwards
Model EF6). The freeze-dried urine was extracted with
15 to 20 ml of 0.1 M acetic acid and the insoluble residue
was separated in a refrigerated centrifuge (Sorvall). All of
the supernatant solution was applied to a column (2.5 x
100 cm) packed with Sephadex G50 to within approxi-
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mately 2.5 cm of each end which had been equilibrated
with 0.1 M acetic acid. The supernatant solution was then
eluted with 0.1 M acetic acid. The eluate which emerged
with and after the salt was discarded. All the eluate which
appeared before the salt was collected. Crystalline bovine
albumin (12 mg) and 1.0 M mercapto acetic acid (one drop)
were added to this eluate before freeze drying. The freeze-
dried eluate was kept in an air tight container in the deep
freeze (— 20°C) until assayed.
On the day of the assay, the desalted freeze-dried extract
of the urine obtained in the last 24 or 48 hr from one of the
subjects during salt depletion and the extract obtained
from the same subject during the last 48 hr of salt-loading
were each weighed. An aliquot of each extract was then
weighed and dissolved in 0.3 ml of a solution containing
10 mEq NaC1 and 50 g dextrose/liter. The amount weighed
represented three hours of urine, i.e., 3/24 of the total
weight of extract obtained from a 24 hr urine collection
or 3/48 of the total weight of extract obtained from a 48 hr
urine collection. The 0.3 ml of solution containing the
dissolved extract was that used for the assay.
Bioassay procedure. Conscious male Wistar rats (105 to
135 g) were starved for 24 hr prior to each assay, but
allowed free access to water. The rats were strapped into
clear plastic cylinders which allowed access to the tail
veins for catheterisation. The back legs were held in such
a way that the penis was clear for easy continuous collec-
tion of urine without catheterizing the bladder. Urine
samples were collected at 10 mm intervals. No suprapubic
pressure was applied nor was the bladder washed out at the
end of each 10 mm collection period. One of the two
lateral tail veins was cannulated. A preliminary loading
infusion of a solution containing 20 mEq NaC1 and 50 g
dextrose/liter was given i.v. at a rate of 0.4 ml/min up to a
total volume equal to 7.5% of the rat's body wt. A main-
tenance i.v. infusion containing 10 mEq NaC1 and 50 g
dextrose/liter was continued thereafter at a rate of 0.2 mI/mm.
Five to six rats were prepared for testing each pair of
extracts from one subject 80 to 100 mm after the start of
the maintenance infusion; the three rats with the most
stable urine flow were selected for the assay. One rat was
given 0.15 ml of the extract obtained during salt loading,
another rat 0.15 ml of the extract obtained during salt
depletion. The total weight of solid in 0.15 ml of either
extract was 5 to 7 mg. The extracts were given i.v. within
one mm. The third rat was used as a control and received
no injection. Urinary sodium concentration was estimated
on an Eppendorf flame photometer. Those involved in the
assay did not know the identities of the extracts obtained
during salt loading and salt depletion until the final results
had been calculated.
Results
The mean results obtained during the four urine collec-
tion periods before the injection of the extracts have been
compared with the mean results obtained during the eight
Table 1. Data from control rats a
Rat Sodium
No.
Periods
excretion, pEq/min Urine flow, mi/mm
Periods A Periods Periods A
1—4 5—12 1—4 5—12
1 3.25 2.50 —0.75 0.19 0.20 + 0.01
2 1.34 2.21 +0.87 0.20 0.22 +0.02
3 3.09 3.44 +0.35 0.21 0.22 +0.01
4 2.46 3.22 + 0.76 0.21 0.21 0
5 3.41 3.88 + 0.47 0.20 0.21 + 0.01
6 4.04 4.16 +0.12 0.22 0.21 —0.01
7 2.56 3.90 +1.34 0.15 0.17 +0.02
8 2.19 2,87 +0.68 0.21 0.20 —0.01
9 2.10 3.67 + 1.57 0.20 0.21 +0.01
10 5.37 5.42 + 0.05 0.21 0.21 0
11 4.38 4.68 +0.30 0.21 0.22 +0.01
12 3.98 4.90 + 0.92 0.21 0.21 0
Mean 3.18 3.74 + 0.56 0.202 0.207 + 0.005
±5D ±1.13 ±0.96 ±0.62 ±0.017 ±0.014 ± 0.01
a Mean urinary sodium excretion and urine flow in 12 controls
rats during the twelve 10 mm urine collection periods obtained
at the same time as the four pre- and the eight post-injection
urine collections in the rats given the urinary extracts. The
results are divided into those obtained in the first four and
the last eight urine collections.
periods after the injection. In each of the control rats,
twelve 10 mm urine collections were obtained at the same
time as the four pre- and the eight post-injection urine
collections. In these control rats the mean results obtained
during the first four periods of urine collection have been
compared with the following eight periods (Table 1).
In the two groups of rats which received urine extracts,
the Student's 't' test for paired observations has been
applied to compare the differences between the mean
urinary sodium excretion and urine flow in the four
periods before, and the eight periods after the injection of
the extracts. The same statistical test has been used to
compare the difference between the means for urinary
sodium excretion and urine flow in the corresponding
periods in the control group of rats. The significance of the
changes between the three groups of rats was calculated
using the unpaired 't' test.
The urine extracts obtained when the subjects were salt-
depleted caused a small rise in urinary sodium excretion
which was no greater than the rise obtained in the control
rats. The urine extract obtained when the subjects were
salt-loaded caused a rise in urinary sodium excretion which
was significantly greater than in either the control rats or the
rats given the salt-depleted extracts. There was a significant
rise in urine flow upon injecting the extract obtained from
the subjects when salt-loaded.
Changes in urinary sodium excretion and urine flow in the
control rats (Table 1). The urinary excretion of sodium rose
from a mean of 3.18 gEq/min in periods 1 through 4 to
3.74 llEq/min in periods 5 through 12 (t =3.1271; F< 0.01).
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Table 2. Observations before and after extract injection a
+0.84 0.19
0.16
+2.60 0.17
0.19
+1.00 0.18
0.18
+2.27 0.18
0.20
+ 1.85 0.19
0.21
+ 4.57 0.17
0.24
+ 1.24 0.22
0.23
+3.66 0.20
0.23
+ 2.49 0.20
0.21
+ 2.78 0.21
0.22
+ 1.21 0.19
0.20
+ 0.88 0.20
0.21
+1.15 0.21
0.20
+ 1.77 0.21
0.23
—0.91 0.23
0.23
+ 0.52 0.20
0.22
—1.18 0.22
0.19
+ 1.68 0.21
0.21
+ 1.15 0.19
0.21
+2.93 0.17
0.22
+ 1.55 0.21
0.22
+ 2.54 0.21
0.23
+ 0.43 0.21
0.21
+ 2.34 0.19
0.19
Subject Extract Sodium excretion Urine flow
injection 9uEq/min mi/mm
Pre- and A
Post- (Post-Pre)
Pre- and A
Post- (Post-Pre)
—0.03
+ 0.02
0
+ 0.02
+ 0.02
+ 0.07
+ 0.01
+ 0.03
+ 0.01
+ 0.01
+ 0.01
+ 0.01
—0.01
+ 0.02
0
+ 0.02
SD Pre
Post
SL Pre
Post
2 SD Pre
Post
SL Pre
Post
3 SD Pre
Post
SL Pre
Post
4 SD Pre
Post
SL Pre
Post
5 SD Pre
Post
SL Pre
Post
6 SD Pre
Post
SL Pre
Post
7 SD Pre
Post
SL Pre
Post
8 SD Pre
Post
SL Pre
Post
9 SD Pre
Post
SL Pre
Post
10 SD Pre
Post
SL Pre
Post
11 SD Pre
Post
SL Pre
Post
12 SD Pre
Post
SL Pre
Post
2.35
3.19
4.28
6.88
1.76
2.76
1.99
4.26
1.06
2.91
1.56
6.13
5.35
6.59
3.22
6.88
2.11
4.60
3.57
6.35
3.78
4.99
4.64
5.52
2.54
3.69
4.21
5.98
4.22
3.31
3.87
4.39
5.02
3.84
4.61
6.29
4.84
5.99
2.88
5.81
3.93
5.48
4.14
6.68
4.24
4.67
3.15
5.49
Fig. 2. Urinary sodium excretion (UNaV) of two rats: a) rat
—0.03 given urinary extract from subject 1 when salt-depleted (S.D.);
b) rat given urinary extract from subject 1 when salt-loaded
0 (S.L.).
+ 0.02 During the same periods the urine flow changed from a
+ 005 mean of 0.202 mi/mm to a mean of 0.207 mI/mm. This was
not a significant change (t=1.666; 0.2>P>.0.1).
+ 0.01 Changes in urinary sodium excretion and urine flow in the
rats given urine extracts obtained from the subjects when on
+ 0.02 a low intake of sodium chloride (Table 2, Figs. 1—3). The
urinary excretion of sodium rose from 3.43 IEq/min before,
0 to 4.33 j.tEq/min after, the injection of extract (t=2.9893;
P <0.02). This was not statistically different from the0 rise obtained in the control rats (t =0.9845; NS). The mean
urine flow before and after injection was 0.204 mi/mm.
When compared with the control rats this was not signif i-
cant (t=l.666; 0.2>P>0.1).
Changes in urinary sodium excretion and urine flow in the
rats given urine extract obtained from the subjects when on
a high intake of sodium chloride (Table 2, Figs. 1—3). The
urinary excretion of sodium rose from 3.51 Eq/min be-
a Mean urinary sodium excretion and urine flow in 24 rats given
urinary extracts from 12 subjects when salt-depleted (SD) and
when salt-loaded (SL). The extract was injected at the end of
the fourth 10 mm collection period. Urine collections con-
tinued for eight periods thereafter. The results obtained before
the injection (pre) are compared with those obtained after
(post).
10.0
8.0
S.D.
2.0
(a) (b)
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ruin tHin
Fig. I. Urinary sodium excretion (jNa V) of two rats: a) rat
given urinary extract from subject 12 when salt-depleted (S.D.);
b) rat given urinary extract from subject 12 when salt-loaded
(S.L.).
S.L.
S.D.
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rats were therefore used because they provided a more
stable baseline of urine flow and sodium excretion. The
rats adapted quickly to their restrained position and did
not show signs of restlessness or other side-effects. A
relatively stable rate of urine flow was achieved in about
30 mm. The control rats which were not injected with
extracts had a slight but significant rise in urinary sodium
excretion. This was the same as the rise in urinary sodium
excretion which occurred following the injection of the
urine extracts from the subjects when salt-depleted. It is
therefore concluded that the extracts from the salt-depleted
subjects had no effect on urinary sodium excretion.
The rise in urinary sodium excretion produced by urine
extracts from salt-loaded subjects was associated with a
small rise in urine flow. The rise in urinary sodium excre-
tion however was due mainly to a rise in urinary sodium
concentration. This is in keeping with the findings of Sealey,
Kirshman and Laragh [1]. Whether this indicates, as they
suggested, that the rise in urinary sodium excretion is
therefore due to a diminished sodium absorption in the
distal tubule is conjectural. The same findings could be
obtained if there was a diminution in proximal tubule
reabsorption and a simultaneous increase in the concentra-
tion of antidiuretic hormone in the urine. In fact we often
observed a slight decrease in urine flow shortly after inject-
ing the extracts. On the other hand, it is unlikely that the
changes of urinary sodium excretion were due simply to
an ADH effect in the extract, for salt-depleted subjects
should have had a higher concentration of ADH in
the urine than when salt-loaded. As no measurements
were made of glomerular filtration rate or plasma flow it
is not possible to determine whether the rise in urinary
sodium excretion produced by the urine extract obtained
from the subjects when salt-loaded was due to an effect of
some substance which directly inhibits sodium transport
or whether this substance produces its effect by producing
some change in renal hemodynamics. It is interesting how-
ever that Clarkson and de Wardener [4] found that extracts
prepared by the same method from subjects when salt-
loaded contain a substance that inhibits sodium transport
in suspended fragments of renal tubules in vitro. Six of the
12 experiments described here were performed with the
same urinary extracts as six of the 14 experiments described
by Clarkson and de Wardener [4].
Though there seems no doubt from the evidence obtained
that the urine of salt-loaded subjects contains a substance
which increases urinary sodium excretion in water-loaded
rats and inhibits sodium transport of fragments of tubules,
the spread of the results in both sets of experiments
indicates that these bioassays are only crude indices of the
hormone's presence.
The interval between the injection of the extract and an
unmistakable rise in urinary sodium excretion varied. In
four animals the rise appeared in the next 10 mm collection
period (Fig. 2); in three the rise did not occur until the
second period after the injection, and in the others there
AUNV
Extracts from
subjects when
salt-loaded
UNV
Extracts from
minus subjects when
salt-depleted
S
.
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S
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.
-2 - P<0.005
Fig. 3. Comparison of the changes in urinary sodium excretion in
rats given urine extracts from subjects when salt-depleted and
when salt-loaded. Each point represents the difference between
the change in urinary sodium excretion that occurred in a rat
after the injection of the urinary extract obtained when the
subject was salt-loaded, less the change in the urinary sodium
excretion in a rat that was injected with the urinary extract
obtained when the same subject was salt-depleted.
fore, to 5.88 iiEq/min after, the injection of the extract
(t = 7.4229; P <0.001). This rise was significantly greater
than that obtained in the control rats (t =4.9705; P <0.001).
It was also significantly greater than the rise observed in
the rats given the urine extract from the same subjects
when on a low intake of sodium (t=3.4033; 0.001<
P<0.005). The urine flow rose from 0.193 ml/min before, to
0.215 mI/mm after, the injection of extract (t=3.8333;
P <0.005). This small rise in urine flow was significantly
greater than that in the control rats (t=2.8125; 0.02>
P> 0.01) and it was also significantly greater than that in
the rats given urine extract from the same subject when
on a low sodium diet (t= 3.2857; 0.001 <P<0.005).
Discussion
The data presented here demonstrate that urine extracts
from salt-loaded human subjects cause a significant sodium
diuresis in hydrated conscious Wistar rats. This confirms
the observations of Sealey, Kirshman and Laragh [1] and
Sealey and Laragh [3] in which extracts of urine were
prepared in the same way. They found that urinary extracts
from salt-loaded subjects caused an increase in urinary
sodium excretion in anesthetised rats with congenital dia-
betes insipidus, and normal anesthetised hydropenic rats.
Our attempts to use rats with congenital diabetes in-
sipidus were technically unsatisfactory. Conscious Wistar
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was a delay of 20 to 30 mm (Fig. 1). A similar variation
occurred in Sealey, Kirshman and Laragh [1] and Sealey
and Laragh's [3] experiments, though in some the delay
was up to one hour.
As the 24 hr urine volume was nearly always greater
during salt loading than during salt deprivation it is
possible, though unlikely, that the natriuretic substance
which is present in the urine of the salt-loaded subjects is
a normal constituent of urine but that its excretion is flow
dependent. There is some evidence against this hypothesis.
The 24 hr urine volumes of subjects No. 2 and 11 during
salt depletion and salt loading were almost the same and
yet the rise in urinary sodium excretion of the rats given
the urinary extract obtained when the subjects were salt-
loaded was substantial (Table 2). In addition the finding
that the change in urinary sodium excretion in the rats
given the urine extracts from the urine of the salt-depleted
subjects was the same as in the control rats does not support
the hypothesis that a natriuretic substance is normally pres-
ent in the urine.
It is difficult to make a quantitative comparison of our
results with those of Sealey et al [1] and Sealey and
Laragh [3]. Sealey et al [1] state that 'sensitivity' in their
rats "could be restored by increasing the oral sodium load,
but this procedure had the disadvantage of occasionally
causing a fluctuating and unsteady rate of urinary sodium
excretion". This procedure obviously made it impossible
for them to have a control group of rats which were not
given extracts. In addition the number of collection periods
which were compared before and after the injection of the
extracts was not standardized. These investigators [1, 3]
tried to deduce the probable molecular weight of the
natriuretic substance from the elution pattern on the
Sephadex column. The results obtained from gel filtration
however only give a guideline to molecular weight because
protein binding, and the charge and shape of the molecule
affect the elution pattern.
The presence of a natriuretic substance in the blood of
expanded animals has now been demonstrated in whole
animal experiments on several occasions [5—11]. The pres-
ence of an inhibitor of sodium transport has also been
detected in the plasma of volume-expanded animals using
an in vitro assay [12—is]. The experiments described here
and those of others [1, 3, 16] demonstrate that extracts of
urine obtained from salt-loaded subjects 'lso contain a
natriuretic substance.
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